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CURPURATIN

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 17 Air Augmented LACE - Ramjet
Engine Operating Modes

Summary: Number of Modes/ Transitions 5 ; Number of Discrete Modes Utilized =2

Mode Progression - Lift-off to Touch-down

(Take off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing
and burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000
ft/sec) Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet,
subsonic combustion (Flyback) Air augmented LACE, simultaneous mixing and
burning cycle (Landing)

Engine Propellant Reguirements
Code: (R) = Required, (V) = Regquired for vacuum operation, (F) = Useable for flyback mode

] Hydrogen, liquid, 37-40°R Oxygen, liquid,162"R

O Hydrogen, liquid, subcooled (25 "R) ] Oxygen, liquid, subcooled
O Hydrogeri, gaseous - [ Oxygen, gaseous

O other | | ~

Engine Constituent Subsystems
Inlet, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic
HEAT

e INLET fCHANG% ‘-!MXER/COMBUST(E-‘k EX|T —o]
— & Ne—
o,

S T——PRIMARY THRUST
- - -CHAMBER AND FUEL
dJ “ Ui/ INJECTOR ASSEMBLY
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| yﬁ
- T~ TURBOPUMP ASSEMBLY
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R RATNN

Eng. No. 317
Engine Internal Operating Parameters, nominal
P__LACE = 1000 psia, GLACE = 8,0
W!,/wp (SLS) = 0.887 (1.79), bgp-_gpg = 6-22 (3.08)
A4/A3=1.00
Engine Operating Mode Block Diagrams
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ENGINE PHYSICAL CHARACTERISTICS Eng. No.lz-L
Thrust, sls [ 250,000 Ibf 1 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engire Irtermal Pressure 1000 (rewtor/m<)
Subsystems: 50 | 100 | 250 1 344,7 9,5 {1723,7 |
Fan
Heat Exchanger 4878 | 5344 5861 2212.7| 2424.0] 2658.%
P"."“ary BOCkEt 2585 2585 J)g5eE 11589 11589 1158.9
Mixer/ Diffuser 748 1088 1496 339,3 493,5 678, 0
Combustor/Exit | 1496 | 1700 2312 678,6 771,1] 1048, 7
Contingency 480 534 636 217.7 242.2 288,
Uninstalled Eng. Wt. = | 10157 {11221 12920 4607.2 | sogo g| 5860.3
Thrust/Weight, Uninst. 24 6 223 19.3 241 219 189
Inlet Weight , o~ araa-——t -4582 b 1254, 2 F 1433 4 2073
Installed Eng. W, 12922 14381 17502 sael 4 ! ps23.2] 79380
Thrust/ Veight, Inst. 19,3 17.4 14,3 189 171 140
Heavyweight Estimate ' '
Uninstalled Eng. Wt. 12188 13465 15504 5528,5 | 6107,7 7032, 6
Thrust/Weight, Uninst. 20.5 18,4 16,1 201 182 138
Inlet Weight 11074  |12656 17798 5023,2 5740, 8 8073.2
Installed Eng. Wt. 23262 126121 33302 10551.6 t11848,.5) 15105,8
Thrust/Weight, Inst. 10,7 9.5 7.5 105 94 74
Engine Flow Areas and Equivalent i
Diameters Engine Lengths
ft2 ft m? m ft il
Intet Cowl, A.| 79,1 | 10,03 J{ 27.35] 3.06 Uninstalled ] 15 ¢ 4,82
Mixer, A3 69,0 9.37 6. 41 2 86 Inlet (Typ) 37,1 11,31
Combustor, A4 69,0 9,37 6, 41 2. 86 Installed (Typ) 52,9 16,12
Exit, Ay 110,0 | 11,83 §1 10,221 3,61

REMARKS, REFERENCES

Air Augmented Basic LACE. (References 3, T, 21)
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ENG. No. 17-1.

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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NET JET THRUST, 1000 newtons

CURPIRATION
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ENG. NO._17-1

CAPTURE AREA
REFERENCE TRAJECTORIES
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AIRFLOW

REFERENCE TRAJECTORIES

8000

o
o
o
o

4000

2000

ENG. NO. 1771

Z AT
=1
At
=
ne A I - =
: B‘ : s =
C == :
2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 fps
1 1 } L ]
0.5 1.0 1.5 2.0 2.5

FLIGHT VELOCITY, 1000 m/sec



5

194
Page 256

Volume

Report 25,

A N

THE

UBITT .. wors cuurom

22°92
%1°91

1e°¢t
y1°0¢
92°%1

8L lc¢
Bb°S1
Byl

Uiyl
i1s°el
Yo°l1

92°%1

&

m ld
mm,

Q

6°tgl
2°091

6°061
0°ssl
s°6tl

1°1s1
L AN
6°4Le1

0°6¢l
09\
%9l

LAA XA

<H

0¢*Le
9e Ll

56°HE
68°0¢
INRRA

és*cd
1%°91
Y6°Cl

9Z°s1
20° 9l
gy el

og°* %l

Z1d

68°¢
gl°t
£yt
1333
Ly°¢
6S6°¢
8s°t

1334

8%°t

1334

JdS

*hevl
*Lect

*0000%
€651
*20€1
‘6411,
* 0000€
*g9e
*2e1l
‘6401
*0000¢
*ge0l
*5101
5001

*00001

‘seol

‘0

Sl

Ll°¢ *0919%¢
Yy *6e 1962
- 300111V
Yi°¢ *Z2YHHPE
28°Y “1v1%1€
GH°S *o0LeLde
- 30Nn1l1w
vo°*S * 609060t
62°9 *681€L2
sL°i *GOZES2
- JaN1I1WY
01°8 °99%06¢
16°6 *166992
€60l *GbHZYe
- 300111V
9%° 99 ‘clBeye
- 3040411V
42 1

IINVHEOFu3d 041VhILSI

1-41 -3INIONI

1°0¢
9°81

9°Lt
6°1¢
2°sl

e€°sl
0°y1
yeel

Oid

8°G61
6°191

L°281
9°961
oIyl

5°¢sl
veyel
€°6c1

»°0el
vLdl
Lol

L%

UAH

*6%1¢
6481

*640¢
1041
*esyl

‘40651
*s6dl
*1%01

*is8
‘Y6l
*00L

AN

OA

90°¢
|V |
9yl

sy°1
12°1
10°1

64L°0
0L°0
$9°0

0o1°0

OnW



194

Volume 5
Page 258

un
~
b
L)
o
<
Q
~

a

,quardf VAN NUYS, CALIFOBNIA

9y*ge

66°5¢

U6°SsY

L0°bt
16°0¢2

06°69

1¢*1s

id

[V W 4

L°LYye

¢ eye
ute61

o*tLe

L°9¢¢

CH

Le*6Z

56°9¢

LelYy

19°0%
69°1¢

or1° 12

T1°¢S

cid

88°¢

1334

18°Z

1334

sc°e

1334

9L°1

1334

68°1

1334

JdS

4T

*000%9

AT

*000vV9

‘8651
*000%s
*Hes 1
‘0Ll

*0000%

9490

*00s5Y

*s061

*0000%

S1]

29°2 *16020¢

- 3ani11WV

Y82 *80L60t

= 3uniliw

Yy ¢ ‘e5l60¢

= 3011V
*69lett
*99690¢

- 300111V

14 *5CLE6Y

- 300111V

ot°¢ *0e909%

- Jansliv

4) 1

IINVWUEOINId U31ivVm]LS3

1-41 =3INJONI

L°¢ct

9°¢9

Gid

1 3 W X4

¢°0S¢

Ll

9°9ye
1°10¢

e°elLe

0°62¢

0iH

*000¢

*008¢

‘000¢

*0si¢
‘0cted

*000¢

“%09¢

OA

ol°e

68°¢

ol1°e

ul°te

69°¢

Ow



5

194
Volume
Page 257

£6°601
Y1601

Report 25,

99°601

Ly°501
Le*66
ce’eo

s1°1e
, 09°61
’ Y8yl

ﬁo@.—n

9v

gggg’f

Y

T™E ’
S Horg

89°601
96°601

09°69
LE*S9

eL°L9
L9
%Z°99

1L°99
$9°L9
1£°99

t6°L9
i¥°L9
s1°L9

cc*89

sV

B6°1Y
Bt te

Bl°lc
66l
¥5°6¢

Le*%¢
1 2 X4
BL*ZC

L7 S X4
6%
98°4¢

69°C¢l

uv

¢6°0
$6°0
85°0

86°0
66°0
00°1

00°1
0o°1
00°1

00°1

olid

*600% 901y

0°8 %°1vZ
*G66Y 910°9 0°% Y 1%
1334 *0000% - 30NLILV
°526% 902°¢€ 0°8 %°1%e
“U%6%  226°% 0°6 % i%e
‘sl6Y 119°9 o°e H*1%e
1334 "0000€ - 30NLILIV
‘0989 669y o°y L A L T4
“EU9Y SU8°S  0°8 % 142
*B5GH "eZ°L 0°8 H°i%e
1334 *00002 - 30N1117V
*660Y $91°9  0°8  %°1%2
*L%0% 829°9 0°8  $°1%2
*120% 068°9 0°8  %°1%2
1333 °00001 - 3aNLIL1V
*HEHE ¥12°9 0°8  §°1%2
1334 °0 - 3004117V
9A S Hd dHd 14M
JINVHYOI¥Id 0ILVWILS3
1-21 -3INI9N3

LA

cg°1
(AR
€8°0

L1
%60
9L°0

08°0
€6°0
08°0

66°0

*9LZi
‘9Ll

*9Lcl
‘9Lcl
‘9Ll

9Ll
I IXAl
°9LZl

91 ¢l
‘912l
‘9121

‘9Ll

dM

AYA
‘oLt

‘5612
*0ev1l
‘9901

‘soy 1
‘9611
*tl6

AN
* 2901
‘ecOl

*2ell

SM

0eC0
0eC*0

0ec°0
0ec*o
0el°o

‘
00
0ec*o
0te°o

0£C°0
0ec°0
0€c°v

0ee*o

4]



,194
Volume 5
Page 259

Report 25

L!

’

THE

L9°601

59°601

06°601

0%°601
[69°601

LY°601

cL°601

9v

Ua,df VAN NMUYS, CALIFORNIA

YR RATHN

aﬂg

LZ®9S

96°6%

$9°6S

€9°09
L6°¢9

0%°%s

Z%°29

sV

vo°6l

s9°11

00°6L

%189
218y

vo°6L

%¥6°09

ov

08°0

gv°o0

68°0

ulid

\
v

’

.Mﬂgm. €88y 0°9

1333 4000%9 " - 30NL11V

I
‘epes 9ULL*Y 0°s

1334 °00009 - 30n1 11V
‘L8¢S 8¢0°¢ 0°s8
1334 °000%S - Ja0i11v

.co—m ¢¢_.m o.c
*Zals Lye*s 0°d

1333 °0000¢ = 30n111V

*ESES L10°¢ o°e

1334 °00S6% - 3IONLILTV

*060¢ Yle° 0°8

1334 °0000% - 3unk11v

9A SHd dHd

LA 24

Y 1%¢e

$°1%¢

y°i%e
L A L 24

$° 1%

Al § X4

14M

‘JINVWYOIYId 0ILVWELSI

1-41 -3N19N3

13 |

STl

8l

tL°e

Le°Z

dMSH

‘9Ll

‘9Lt

‘9Lt

‘91¢1
‘9eLcl

*9Let’

*9Lct

dM

MRS AA

YRR

LA X4

) XX
‘9icl

‘U Yt

*820¢

SM

100

0Lc0

%12°0

0ec°o
veZ°o0

%12°0

0¢€c0

ih



ar Ua,di van Myuvs CALINORNIA

13RIV MATHN

This Page Intentionally Blank

e b e W T




(¢}

Ua,d f VAN MUYS, CALIFOBNIA

Report 25,194
Volume 5

Page 260

ENGINE PHYSICAL CHARACTERISTICS )

Eng. No._1z-2

Thrust, sls L 250,000 Ibf B 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engire Irternal Pressure 1000 (rewtor/m<)
Subsystems: 20 1 100 ' 1344,.7 | 689,5 11723.7
Fan
Heat Exchanger 4917 | 5386 5907 2230.4 | 2443,11 2679
Primary Rocket 2574 | 2574 2674 1167.6 | 1167.61 1167.%8
Mixer/Diffuser 1738 2528 3476 788.4 | 1146,71 1576,7
Combustor/Exit 3476 | 3950 5372 1576,7 | 1791.7) 2436,7
Contingency 779 905 1142 3153.4 410, 5 518.0
Uninstalled Eng. Wt 13484 115343 183471 6116.3 | 69sa.6]l 8378,
ThrUSt/W_/e'ght, Uninst. 18.5 16.3 13.5 181 160 132
Inlet Weight 63170 | 7280 10556 || 2889.4 | 3300 o] 4788 >
Installed E_ng. Wt, 19854 122623 29027 apns. 8 L 102658, 9) 1316h6.64
Thrust/ Weight, Inst. 12,6 1.1 2 124 109 8.4
Heavyweight Estimate
Uninstalled Eng. Wt. 14832 16877 20318 6727.8 | 7688, 4| 214,20
Thrust/Weight, Uninst. 16,9 14,8 12,3 166 145 121
Inlet Weight 28494 129136 40973 11564.1 {13216, 1] 18585, <!
Installed Eng. Wt. 40326 146013 61291 18291.9 J20871.51 18729, ¢
Thrust/Weight, Inst. 6,2 5, 4 4,1 61 53 40
Engine Flow Areas and Equivalent
Diameters Engine Lengths
i2 ft m? m | ft m
Inlet Cowl, A | 1651 | 15,23 |} 16,02 ] 4.6a Uninstalled | 1q,7 5,10
Mixer, Ag 158,3 | 14,20 }i 1420} 4 33 Inlet (Typ) as,0 {l13.72
Combustor, A4 158, 3 14.20 14,71 4,33 Installed (Typ)| 63.7 19,42
Exit, A, 252,5 | 17,93 J| 23,461 5.47

REMARKS, REFERENCES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 18 Air Augmented LACE - Convertible Ramjet

Engine Operating Modes
Summary: Number of Modes/ Transitions g ; Number of Discrete Modes Utilized L

Mode Progression - Lift-off to Touch-down

(Take off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing
and burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion ( 6000-8000
£t /sec) Ramjet, supersonic combustion (10,000-1L,000 ft/sec) Rocket (Orbital
speed, space maneuvering and deorbiting) Ramjet, subsonic combustion (Flyback)
Air augmented LACE, simultaneous mixing and burning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, {F) = Useable for flyback mode

Hydrogen, liquid, 37-40°R . [doxygen, liquid,162°R

O Hydrogen, liquid, subcooled (25 'R)  [C] Oxygen, liquid, subcooled
[ Hydrogen, gaseous ’ (] Oxygen, gaseous

O Other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

HEAT
EXCHANGER MIXER/COMBUS TOR
-' EXIT—»

o————|NLET

I — - )
s
m@@ T~ PRIMARY THRUST
- CHAMBER AND FUEL
V INJECTOR ASSEMBLY

I&:

\
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Engine Internal Operating Parameters, nominal

P._LACE ~ 1000 psia, GLACE = 8,0
WS/W (sLs) = 0. 887 (1.79),
A4/A3 = 1,00, Ac/A3 =1,15

¥sgc-sLS = 6.22 (3.08)

Engine Operating Mode Block Diagrams
H

Eng. No. _18
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ENG. NO._18-1

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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Eng. No. 18

ngine No. 18

The following information for E
ously given

appears in the fact sheets previ
for Engine No. 17.

Engine Physical Characteristics
Weight, Thrust/ Weight, Flow areas, Lengths

Engine Performance: 0-8000 ft/sec
Thrust, Airflow, Capture Area

Specific Impulse,
marks

ces and additional re

.

Referen
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REFERENCE TRAJECTORIES
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NET JET THRUST, 1000 Ibf
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CURPORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 19 Recycled Air Augmented LACE - Ramjet

Engine Operating Modes
Summary: Number of Modes/ Transitions _5__; Number of Discrete Modes Utilized u
Mode Progression - Lift-off to Touch-down

(Take off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing
and burning cycle, recycled hydrogen (2000-3000 £t/sec) Ramjet, subsonic
combustion (6000-8000 ft/sec) Rocket (Orbital speed, space maneuvering and
deorbiting) Ramjet, subsonic combustion (Flyback) Air augmented LACE,
simultaneous mixing and burning cycle (Landing)

Engine Propellant Reguirements
Code: (R) = Regquired, (V) = Required for vacuum operation, (F) = Useable for flyback mode

O Hydrogen, liquid, 37-40 R . i Oxygen, liquid,162°R

E] Hydrogen, liquid, subcooled (25 'R} [J Oxygen, liquid, subcooled
[ Hydrogen, gaseous S [J oxygen, gaseous

O Other |

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

HEAT
EXCHANGER MIXER/COMBUSTOR
e———— INLET T -‘ ‘¢ :
-~ A

-‘L EXIT—
(m Ne——"
Saa B

PRIMARY THRUST
--CHAMBER AND FUEL
)l Ui/ INJECTOR ASSEMBLY
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i
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==/ och —TURBOPUMP ASSEMBLY
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Eng. No. 19
Engine Internal Operating Parameters, nominal
PC-LA(.",E = 1000 psia, OLACE =4,0
W/W, (SLS) = 0.985 (1.87), g _o1g = 2.65 (1. 40)
A4/A3 =1,00
Engine Operating Mode Block Diagrams
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XIRMIRATNN
ENGINE PHYSICAL CHARACTERISTICS Eng. No.__12-1
Thrust, sis I 250,000 Ibf 1 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight Ibf/ Ibm newton/kg
Lightweight Estimate (lbf/inz) Maximum Engine lrtemal Pressure 1000 (r.ewtor/mz)
Subsystems: 50 1100 250 344.7 1689,5 11723.7 |
Fan
Heat Exchanger 6586 7303 8096 5987. 4 | 3312.6 | 3672.3
Primary Rocket | 2558 2558 | 2558 1160.3 | 1160.3 | 1160.3
Mixer/ Diffuser 748 1088 1496 339, 3 493.5 678, 6
comQustor/Exit 1496 1700 2312 678. 6 771. 1 1048. 7
Contingency 480 535 637 217.7 242. 7 288. 9
Uninstalled Eng. Wt. 11868 13184 15099 5383.3 | 5980.2 | 6848.8
Thrust/Weight, Uninst. 21. 1 19. 0 16, 6 207 186 162
Inlet Weight 2765 3160 4582 1254.2 | 1433.4 | 2078.4
Installed Eng. Wt. 14633 16344 19681 6637.5 | 7413.6 8927.2
Thrust/ Weight, Inst. 17.1 15.3] 12,7 168 150 125
Heavyweight Estimate
Uninstalled Eng. Wt. | 14242 15821 18119 _ || 6460.0 | 7176.2 ] 8218.6
Thrust/Weight, Uninst. 17. 6 15.8 13.8 172 155 135
Inlet Weight 11074 12656 |17798 5023.2 | 5740.8 | 8073.2
Installed Eng. Wt. 25316 28477 |35917 11483.2 |12917.0 | 16291.8
Thrust/Weight, Inst. 9.9 8.8 7.0 96.8 86. 1 68. 3
Engine Flow Areas and Equivalent
Diameters Engine Lengths
) it m2 m ft m
Inlet Cowl, A} 79.1 | 10.03 }] 7.35 | 3.06 Uninstalled 15.8 {| 4.82 |
Mixer, A3 69.0 9.37 6.41 2.86 Inlet (Typ) 37.1 |{11.31
Combustor, Ay | 69.0 9. 37 6.41 2.86 Installed (Typ)__52,9 {{6. 13

REMARKS, REFERENCES

Air Augmented Recycled Basic LACE. Recycle time limit should be checked for
specific applications. (References 5, 7, 12, 13, 14)

\



W Report 25,194
Volume 5

™ 4
_m_grquardf VAN NUYS. CALIZOENIA page 279

AMPRATION

SPECIFIC IMPULSE, Ibf/lbm/sec

ENG. NO.19-1 -

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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CURMRATION

. | ENG. NO. 1971

THRUST
REFERENCE TRAJECTORIES :
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(URPORATNN

ENG. NO. _19-1

CAPTURE AREA
REFERENCE TRAJECTORIES
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- LURPORATION

ENG. NO. _19°1

AIRFLOW
REFERENCE TRAJECTORIES
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CYMRIMATION

ENGINE PHYSICAL CHARACTERISTICS

Eng. No.__12-2_

Thrust, sls | 250,000 Ibf | 1,112,055 newton
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight ibm kg
Thrust/Weight Ibf/Ibm newton/kg
Lightweight Estimate (Ibf/in) Maximum Engine Irtermal Pressure 1000 (rewtor/m<)
Subsystems: 20 100 ' 1344,7 1689.5 11723.7 |
Fan
Heat Exchanger 6753 7488 8301 3063.1 | 3396.5 | 3765,3
Pr.nmary Rocket | 2624 2624 2624 1190.2 | 1190.2 1190.2
Mixer/ Diffuser 1738 2528 3476 788.4 | 1146.7 1576. 7
Combustor/Exit 3476 3950 5372 1576.7 | 1791.7 | 2436.7
Contingency 784 910 1147 355, 6 412.8 520, 3 |
Uninstalled Eng. Wi, 15375 17500 120920 6974, 0 | 7937.9 | 9489.2
Thrust/Weight, Uninst. 16.3 14.3 12.0 15 9, 140 117
Inlet Weight 6370 7280 110556 | 2889.4 | 3302.2 | 4788.2
Installed Eng. Wt. 21745 24780 | 31476 9863.4 111240.1 | 14277.4
Thrust/ Veight, Inst. 11.5 10.1 7, 113 99 78
Heavyweight Estimate
Uninstalled Eng. Wt. 116912 19250 |23012 7671, 4 | 8731, 7 ]| 10438.1
Inlet Weight 25494 29136  |0973 11564 1 [13216.1 |18585.4
Installed Eng. Wt. 42406 48386 163985 235.5 [21947.8 |29023.5
Thrust/Weight, Inst. . 5.9 5.2 3.9 { 58 51 38
Engine Flow Areas and Equivalent :
Diameters Engine Lengths
) ft m2 m ft m
Inlet Cowl, A_| 182.1 | 15.23 16.92 | 4.64 Uninstalled 18. 7 5,70
Mixer, A, 158.3 |14.20 14.71 | 4.33 Inlet (Typ) 45.0 13, 72
Combustor, Ay | 158.3 |14.20 14. 71 4.33 Installed (Typ)| 637 19. 42
Exit, A 252.5 |17.93 23.46 | s5.47 '

REMARKS, REFERENCES
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ENG. NO. 19-2

CAPTURE AREA
REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 20 Recycled Alr Augmented LACE- Convertible Ramjet

Engine Operating Modes
Summary: Number of Modes/ Transitions _6__ ; Number of Discrete Modes Utilized s

Mode Progression - Lift-off to Touch-down

(Take off) Air augmented Liquid Air Cycle Engine (LACE), simultaneous mixing
and burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic
combustion (6000-8000 ft/sec) Ramjet, supersonic combustion (10,000-14,000
£+/sec) Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet,
subsonic combustion (Flyback) Air augmented LACE, simultaneous mixing and

_burning cycle %Landing)
Engine Propellant Requirements
Code: (R) = Reguired, (V) = Required for vacuum operation, (F) = Useable for flyback mode
[ Hydrogen, liquid, 37-40°R ) k] Oxygen, liquid,162°R
&J Hydrogen, liquid, subcooled (25 "R) [ Oxygen, liquid, subcooled
[ Hydrogen, gaseous ' [J Oxygen, gaseous
[ Other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

HEAT
EXCHANGER
e———INLET -\ MIXER/COMBUS TOR EXIT—e
fr— Qs\% /
D(mm " ——PRIMARY THRUST
-CHAMBER AND FUEL —t+—
/ INJECTOR ASSEMBLY
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(XRIRATION
Eng. No. 2°

Engine Internal Operating Parameters, nominal

P._pAcE = 1000 psia, GLACE =4,0

Ws/Wp (SLS) = 0,985 (1.87), @
A4/A3 = 1,00, Ac/A3 =1,15

SEC.SLS = 2+ 65 (1.40)

Engine Operating Mode Block Diagrams
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ENG. NO._20-1

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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LTRITRATIS

Eng. No. 20

The following information for Engine No. 20
appears in the fact sheets previously given
for Engine No. 19.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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CURK RATION

ENG. NO. 202
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 21 RamLACE

Engine Operating Modes

Summary: Number of Modes/ Transitions 5 ; Number of Discrete Modes Utilized 3
Mode Progression - Lift-off to Touch-down

(Take off) Air augmented Liquid Air Cycle Engine (LACE), afterburning cycle
(2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 ft/sec) Rocket

(Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic combustion
(Flyback) Air augmented LACE, afterburning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

[E] Hydrogen, liquid, 37-0°R k] Oxygen, liquid,162°R

[J Hydrogen, liquid, subcooled (25 "R) [ Oxygen, liquid, subcooled
O Hydrogen , gaseous (J Oxygen, gaseous

[ Other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic
HEAT
EXCHANGER , MIXER/DIFFUSER COMBUSTOR
e——— INLET T

EXIT —»

- Y
A V

- ﬁn nin RPRlMA:&tiRUST

J UUJJ - —CHAMBER ASSEMBLY— -
J FUEL INJECTOR
_ A%
Fa}/z aﬁi\TURBOPUMP ASSEMBLY
INT L«
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Eng. No. _21°
Engine Internal Operating Parameters, nominal
P__1LACE = 1000 psia, GLACE =1,0, GHX = 8,0
Wg/Wp (SLS) = 1,50 (3. 00), QSEC-SLS = 4,54 (2,27)
A, /Ay =2.00 (2. 51)
Engine Operating Mode Block Diagrams
ey H L.
A X
O—| | M= HE —| R a[-_—MD—e-c = [ P—
@ —
nc T s T S X
Y | ! [ RICMOE= C [ E [T
_\ A S I ’ -
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‘li:HEl R B='mpi v ci VE P/
0 ||_.....J Lo od r I | | Y I |
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ENGINE PHYSICAL CHARACTERISTICS

Eng. No._z2l-1

REMARKS, REFERENCES

RamLACE

(References 5, 7, 21)

s ONFBENTIAL. o

Thrust, sls [ 250,000 Ibf { - 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight ibf/1bm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engire Irternal Pressure 1000 (rewtor/m<)
Subsystems: 250 100 250 1 344.,7 689.5 11723.7
Fan
Heat Exchanger 3887 4259 4671 1763.1 ] 1931.9} 2118,8
Primary Rocket 2035 | 2035 2035 923.1 923,11 _923,1
Mixer/Diffuser 1209 1365 1872 548, 4 619.2] 849.1
Com!gustor/Exnt 1738 1975 2686 788.4 895.91 1218.4
Contingency 498 538 659 225,9 244,0] 298.9
Uninstalled Eng. Wt. 9367 10172 11923 4248,9 | 4614.0! 5408,3
Thrust/Weight, Uninst. 26.17 24.6 21.0 262 241 206
e - Inlet Weight 3150 3600 5220 1] _1428,8 | 1633,0] 2367.8
Installed Eng. Wt. 12517 13772 17143 5677.7 | 6246,9] 7776.1
_ lemst/Nelg'ht,.lnst. 20,0 18,2 14,6 196 179 143
Heavyweight Estimate
Uninstalled Eng. Wt. 11240 112206 14308 5098,5 | 5536,6{ 6490.1
Thrust/Weight, Uninst. 22.2 20,5 17,5 218 201 172
Inlet Weight 12656 {14464 20340 5740, 8 6560,9) 9226,2
Installed Eng. Wt. 23896 126670 34648 }10839,2 1 12097,5/15716.3
Thrust/Weight, Inst. 10,5 9,4 7.2 103 92 71
Engine Flow Areas and Equivalent
Diameters Engine Lengths
) ft m2 m ft m
Inlet Cowl, A_ | 99,4 10.73 || 8.40 3,27 Uninstalled 20.8 6,34
Mixer, A, 39,30 7.07 || 3.65 2.15 Inlet (Typ) 37,1 11.31
Combustor, A, 78.51 9.98 |} 7.29 3,04 Installed (Typ){ 57.9 17.65
Exit, A6 125.2 ) 12,62 f]11.63 3.85
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NET JET THRUST, 1000 newtons
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FREESTREAM CAPTURE AREA, m2
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TOTAL AIRFLOW, kg/sec
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ENGINE PHYSICAL CHARACTERISTICS Eng. No.__2l-2
Thrust, sls [ 250,000 Ibf B - 1,112,055 newton
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight ibm kg
Thrust/Weight |bf/1bm newton/kg
Lightweight Estimate (Ibf/in) Maximum Engire Irtemal Pressure 1000 (rewton/m<)
Subsystems: 20 1 100 250 113447 1689,5 11723.7
Fan
Heat Exchanger 3216 3523 3864 1458,8 | 1598,0{ 1752,7
Primary Rocket 1685 | 1685 1685 764,31 764,3] 764,3
Mixer/Diffuser 1953 2205 3024 885.9 1 1000.2] 1371.7
Combustor/Exit 3476 | 3950 5372 1576,7 | 1791.7) 243¢6,7
Contingency 711 784 1008 322,5 355,60 457.2 |
Uninstailed Eng. Wt. 11042 12147 14953 5008.7 1 5509.0] 6782.7
Thrust/Weight, Uninst. 22,6 20.6 16,7 222 202 164
Iniet Weight 6370 7280 10556 2889.4 1 3302.2] 4788.2
Installed Eng. Wt, 17411 19427 | 25509 7897.6 | 8812 111570, 0
Thrust/ Weight, Inst. 14,4 12,9 9, 8fl 141 127 1. 96
Heavyweight Estimate
Uninstalled Eng. Wt. 12146 113362 16448 5509.4 | 6061.0] 7160,8
Thrust/Weight, Uninst. 20.6 18.7 15.2 202 183 140
Iniet Weaight 25494 129136 40973 11564.1 } 13216,1118585,4
Installed Eng. Wt. 37640 142498 57421 17073,5 | 19277.1]126046,2
Thrust/Weight, Inst. 6.6 5.9 4.4 65 58 43
Engine Flow Areas and Equivalent
Diameters Engine Lengths
) ft m m ft m
Inlet Cowl, A | 145 1 | 15 23 16 o | Uninstalled 23,7 7.22
Mixer, A, 63,0 | 8,96 5.85 | 2,73 Inlet (Typ) 45,0 || 13.72
Combustor, A, | 158,3 | 14,20 |} 14,71 | 4.33 Installed (Typ)| 68,7 11 20,04
Exit, Ay 252,5 | 17,93 23,461 5,47

REMARKS, REFERENCES




’ ——mNﬁﬂm . Report 25,194
%1 Volume 5
an
A4

Uardf vaM NUYS, CALIFONNIA Page 315

AMMRATION

ENG. NO._21-2
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FREESTREAM CAPTURE AREA, m?

ENG. NO._21-2

CAPTURE AREA
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REFERENCE TRAJECTORIES

8000

o
o
o
o

4000

2000

AIRFLOW

ENG. No._21-2

rwen me .
= Iaane SHe v, '
T sy i soaw e
e + T tm
pames 2 e
16 T |« 3 T T e
T L T
> In 1 o 2
T - T . e 3 ’
.
ort
e e -~ -
— 4 b o= e e
+ T
1 7T
e 1
yor me 1 18 . -
T T+ -
T e re
” —
e e e v
e -
4 s T
> o e + e
.
=
- ’e
T e i
-
EE B
T sw! )
.
+ I p-
2
yom
s
T "
e
o
r a - - -
" e -
+- =
s
e =T
£ T
' naev 1 e mwe X
e T T T
= C : ‘
- =
v e . >
: v auenw . oT I
;#i e T e yeme:
1. » re T
X
- o T T s e Ime e 1
e - o maaas :
- - e e
» = s
- [ =
1 T
e =
X :
= ma
T T T
I T T
e ool
T+ " pms
Iﬂ T b
e
T
+ " T
.t oy "
it e : I
ya e puy
oIt 2 ot
T
T e AE T
resnsn
revs smes
' mwa
e
Iome awwt o
IaNe Smansansn
Tt L=

2.0 4.0

6.0

(4]
o

FLIGHT VELOCITY, 1000 fps

1 L 1

L |

0.5 1.0 1.5

2.0 2.5

FLIGHT VELOCITY, 1000 m/sec



ST

194

Report 25

L

¥

THE

Volume 5
Page 319

arquara’/
CURPURATION

e 2222 2R

22 22 2 %]

bRk
222322
*ekkkk S

x50 9%k %
55 5R 0%
k%2R

255528
212123
55X %

t 222221

Zd

(22 L 223
¥Rk Es

222 2L L)
22 222 L
t 2 223 2L

2223224
21222 ]
2 A2 L

skt Xk
222 E L2
ShgkkE&

121222 3/

ZH

0Z°1e
9t °Ll

112 47
68°0¢
LL*%1

29°¢2¢
Ly°91
y6°21

9z°s1
20°%1
ev°el

08°%1

cid

90°1
eyl
LL°1
1334
gy°l
08°1
90°2
1334
rA G4
12°¢
9z

1333

6Z°2

1334

pLL

*820¢
*yyed

*0000%
~Zive
‘0152
~2¢02
*0000€
*9242
*9661
{178
*00002
*00LT
*6291
*9661

*00001

*oLsl

*0

S1

sankxss  °“006L6Y
saeesxx  °*00088¢C
- 30n111YV
seserex  “000€9S
sexaxss  “000%1Y
seesxk  *0061€C
- -3aN1117V
s *006L6¢€
SEBEERY .oowawm
sxkanks 000162
- 300111V
seeeaxs °*000%8¢
sesanex 0011102
seessex 006992
- 3an1i1Y
sekerkx °00006¢2
- 3an111Y
49 1

JINVWYOIYId OIAVWILSI

Z-12 -3INIIN3

9°1¢€
6°1¢
rAd |

1°¢¢
9°91
6°21

€°ol
0°%1
LAl A |

8°%1

o1d

8°s8l
6°191

L°281
9°9s1
0°1%1

5°esl
8°8¢el
€°621

»°0cl
€Lzl
Le°sel

L°vel

D1H

‘6912
*6%81

*6%02
c10LY
cesyl

“%061
*6scl
*L%01

°168
“H%SL
*00L

*Znl

OA

90°¢
et
9“1

S¥°1
1z°
10°1

6L°0
0L°0
$9°0

0o1°0

OnW



Report 25,194

anmmGANFBENTIAL

ar Ualdf VAN NUTS, CALIFORNIA

#»

™E

Volume 5
Page 320

LORPURATION

0%
kR

L2222 23]
*eke Rk R
Rtk

SEER %R
22 22 2 2
2222 2 L

2RRRRNR

22 22 22
kR k R

22080 % %

L)
<

xRtk
xdkB kA%

2 22 2]
t 22212
bR L 23 L 2

t 2231
2Rk kst
222212

L2 21213
2RRR 2R
RN REE

L 22 1211

Sy

9Z2°011
L6°¢t6

19°%6
8L°8L
v el

16°L19
12°99
Y6°L9

L1°99
'4 2k 4 X
09°se

S6°8EE

ov

i
06°0 sektxrsx GlE°1 0°1 €°%9]
€6°0 sexenes 626°1 0°1 G°691
1394 .oopce - 30N111V
26°0 »oootwo.ewc.- 0°1 0°s91
$6°0 seepees €£96G°1 o°1 6°%91
86°0 »..#.ﬁ. 1112 o0°1 1°€91
Cob .
1334 *0000€ - 3I0NLILIV
]

1860 | sasdaps €EY T 0°T  0°%91
66°0 | sxsdeks 898°1 0°T  9°%91
00°1 | *.»L;T. 082°Z 0°1l  8°991

b _ .
1333 *0Q00Z - 30NnLILV
m
00°1 seseses B828°1 o°1 1°291
00°1 sexense 160°C 0°1 $*991
00°1 xeeante H21°2 0°1 1°691
1334 *00001 - 30Nn1117V
00°1 sesssss 992°2 0°1 2°6S1
1333 °0 - 30NL1LV
021d 9A SHd dHd 14M

JINVHYO4H3Id QILVWILST

Z-1e

=3INIONT

%9°9
oe*Yy
it

SL*y
%9°¢
86°¢

Lte
62°¢
€1t

00°¢

dMSHM

*62l
*62L

*6llL
*62L
*6cL

*6lL
*6cL
*62L

°562¢
*6lL
*6ll

°6cL

dM

*011¢
*9Lse

<8y
ceele
*6%¢l

“09%¢t
*H69¢
*6L12e

*eve
*2Le
*182?

9812

SM

€26°0
[ XAD1)

€25°0
€2%°0
€25°0

€2s°0
€es*o
€2s°0

€2¢5°0
€2s°0
£E2¢5°0

€2%°0

cH



g

—_y ™M

LR

~N o

#9 A
Q
a,
o
(14
L

m

W g

3

3

BE

Qs

St

J

Q

v

THE

skt

L i 2212

shERkER

224850 %
L 2T 2]

kg%

L i il 2 3

¢d

t 222122

xRk

L2 2 2 132

ke kk R
286k %

122223

R iri:l 2

<H

Le" 62

$6°9¢

€Ly

16°0%
69°12

ot1°1L

| 8 B X1

Z1d

oe°1

1334

1e°1

1334

%6°0

1334

1334

08°0

1334

%8°0

1334

2dS

-YX X4

*000%9

9622

*00009

*Z19¢
*000%6
*829¢
*9642

*0000S

1A

*00sSY

*06cYy

*0000Y

Sl

JINVHE0IYId bw»«:-#mw

" REEE Rk E

*00€S9Y

- 30011177V

steenes  “00S0GY

- 3aNL 11V

sexxxx *006L0€9

= 3AN1 1LV

*009209
*00061%

x4k Rk
L2222 : 2

- 3an111V

sesenss 00889

- 3anj11WV!

o»»»cr: .ooomcp

—.aapl1iv )
9] . n

i
| :

~'ww~:uz.uzw

|

L°2¢

$°6%

€68

9°29

0id

€°elLe

2°0s2

gceLe

9° 9y

1°102

€°eLe

0°6c¢

DIH

*000¢

*008¢

*000¢

*oste
' 74 X4

°000¢€

*%09¢

OA

01°€

68°¢2

ot°e

ol°¢e

69°¢

OW




194

Report 25,

¢

THE

5

Volume
Page 322

IRPORATION

ar%uam'f
0
<

e e Rk

I LT

ke RkE

Rk kEkRk
*xRgeER

e kkERE

i 2 il

' TT231 1]

1 142222

22222 2

ek p %
2 22 2 2

e R Rk

bk kE

sy

9t 122

66°%61

Zv*90¢

88°%1L1
Yyoeetl

Zy°8o6l

86°6¥%1

ov

08°0 123131 L
1334 *000%9
28°0 ' 2¥22213

13334 °00009

08°0  ssesres
1334 °000%S
€80 211332
BE°0 skt
1334 °0000S
08°0 2Rt nkg
1334 *00%SY%
G8°0 Y1 2T 1T
1334 °0000Y
DZ1id 9A

s16°1 o°1 »°L91
- 3anLILwy

€¢s*l 0°1 G €91
- 3anii1v

6€6°0 o°1 €°L91
- 300111V

100°1 0°1 8 €91

ooL°*1 o°1 9°0L1l
- 3aN1 11V

1€9°0 0o°1 0°2191
- 3anL11V

€Y¥L°0 o°1 €°%91
- 30NLTLV

SHd dHd 14M

JINVYHEOIWId OQILVHILSI

Z-12 -3INIINI

6%°Y

LYY

YZ°L

LL°01

st°6

dMSM

"6l

*6cl

*6lL

*6cl
*62L

*‘6cl

*6ll

dM

7 XA

*962¢

*08¢2S

*eZ6Y
*L162

*eEs8L

*eL99

SM

€25°0

£€26°0

€60

€26°0

rd.|



TNt
grdt .-

a r HI!#UN'\

glank

Tn‘\s page \ntent'\ona\\y




Iy ABENRBENTIAL Report 25,194
/:z&;p;’ Volume 5
arc]uara’l‘ Page 323

[}

- CDRPRATON

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 22 ScramLACE

Engine Operating Modes
Summary: Number of Modes/ Transitions 6 ; Number of Discrete Modes Utilized &
Mode Progression - Lift-off to Touch-down
(Take off) Air augmented Liguid Air Cycle Engine (LACE), afterburning cycle
(2000-3000 ft/sec) Ramjet, subsonic-combustion ( 6000-8000 ft/sec) Ramjet,
supersonic combustion (10,000-1k,000 ft/sec) Rocket (Orbital speed, space

meneuvering and deorbiting) Ramjet, subsonic combustion (Flyback) Air augmented
LACE, afterburning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Reguired for vacuum operation, (F) = Useable for flyback mode

[ Hydrogen, liquid, 37-40 'R . [ Oxygen, liquid,162°R

O Hydrogen, liquid, subcooled (25 "R) L] Oxygen, liquid, subcooled.
[ Hydrogen, gaseous | [J Oxygen, gaseous

O other

Engine Constituent Subsystems
Inlet, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General ArrangemeirgA%nd Operating Schematic

MIXER/ COMBUSTOR

INLET EXCHANGER DIFFUSER EXIT

= /\k <~

e

PRIMARY THRUST
CHAMBER ASSEMBLY

FUEL INJECTOR
ASSEMBLY
7N
~ ~
| g \
QL:‘E'E\TURBOPUMP ASSEMBLY

sGANCLOEREN
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Eng. No. 22 .
Engine Internal Operating Parameters, nominal
P._LAcE = 1000 psia, wLACE = 1.0, ¢HX = 8,0
WS/Wp (SLS) = 1.50 (3,00), ¢SEC _SLS = 4,54 (2,27)
A4/A3 = 2,00 (2.51), A(z/."-\.3 = 2,30 (2,89)
Engine Operating Mode Block Diagrams
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ENG. NO. 221

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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TIRITRATION

Eng. No. _22

The following information for Engine No. 22
appears in the fact sheets previously given
for Engine No. 21.

Engine Physical Characteristics
Weight, Thrust/Weight, Flow areas, Lengths

Engine Performance: 0-8000 ft/sec
Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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ENG. NO._ 22-1 _

THRUST
REFERENCE TRAJECTORIES
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NI MATION

ENG. NO._22-2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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CURMRATION
ENG. NO._22-2
THRUST
REFERENCE TRAJECTORIES
1000 === e [
4000 e e e
800 = I
: B
3000 _ = e :
(=] -t ; - - r:I : > =
S 600. E= e
- S : :
wn : = :
a ez rase = : = =
2000 = : : : : Tt >
- S e e e = :
’_ 400 p—rt 1 e = -
(V¥ ] . -t
= - : T =
w — ottty - o -
= ‘ x
1000F 59 = v
0 0 g.0 5.0 100  11.0  12.0
FLIGHT VELOCITY, 1000 ft/sec
L L 1 [ L | 1 |
2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

FLIGHT VELOCITY, 1000 m/sec



QIQUATTL ... o corores

1LYMRITRATHIN

This Page Intentionally Blank



EU"EIUEN”RE Report 25,194
//<:;t77 Py Volume 5
arquardf VAN NUYS, CALIFORMIA Page 330

CURMORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 23 Recycled RamLACE

Engine Operating Modes
Summary: Number of Modes/ Transitions _5 __; Number of Discrete Modes Utilized 1
Mode Progression - Lift-off to Touch-down

(Take off) Air augmented Liquid Air Cycle Engine (LACE), afterburning cycle,
recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic combustion (6000-8000 ft/sec)
Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic' com-
bustion (Flyback) Air augmented LACE, afterburning cycle (Landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Requfred for vacuum operation, (F) = Useable for flyback mode

O Hydrogen, liquid, 37-40 'R ] Oxygen, liquid,162°R

B Hydrogen, liquid, subcooled (25 "R} [JOxygen, liquid, subcooled
[J Hydrogen, gaseous [ Oxygen, gaseous

O other

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-diffuser, combustor,exit

Engine General Arrangement and Operating Schematic |
HEAT

EXCHANGER | MIXER/DIFFUSER COMBUSTOR
e———INLET -‘- T EXIT—

v Tl

PRIMARY THRUST

= —CHAMBER ASSEMBLY — ~

FUEL INJECTOR
ASSEMBLY
| yﬁ
F oc':‘\TURBOPUMP ASSEMBLY

meeaE ANEBENTL
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Eng. No. 23
Engine Internal Operating Parameters, nominal
Pe.Lacg = 1000 psia, @) p 1.0, 05 o =240, 8y =8.0
Ws/Wp (SLS) = 1,40 (3, 00), GSEC-SLS = 2,09 (0.97)
A /Ay =1.87(2.66)
Engine Operating Mode Block Diagrams
) H Tank -

A -l L_ . X
——— | HE—-R-)-I;MD+—C—-(-—E,4-
o H

e el x
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0 | I - [ | | I L d
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1Y MATIN

ENGINE PHYSICAL CHARACTERISTICS

Eng. No.

23-1

E—

Thrust, sls I 250,000 Iibf i 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight {bf/Ibm newton/kg
Lightweight Estimate (Ibf/ind) Maximum Engire Irtemal Pressure 1000 (rewtor/m<)
Subsystems: =10) 100 250 344.7 1723.7 1
Fan ‘
Heat Exchanger 5002 5546 6149 2268.9 | 2515.6 | 2789.1
Primary Rocket 1944 1944 1944 88 1.8 881.8 881.8
Mixer/Diffuser 1147 1295 1776 520.3 587. 4 805. 6
Combustor/Exit 1518 1725 2346 688. 6 782.5 | 1064. 1
Contingency 461 496 607 209. 1 225.0 275. 3
Uninstalled Eng. Wt. 10072 11006 | 12822 4568.7 | 4992.3 | 5815.9
Thrust/Weight, Uninst. 24.8 22.7 19.5 || 243 223 191
Inlet Weight 2765 3160 4582 1254.2 1433.4 | 2078.4
Installed Eng. Wt. 12837 14166 | 17404 58229 6425.7 | 7894.3
Thrust/ Weight, Inst. 19. 5 17.6 14.4 191 173 141
Heavyweight Estimate
Uninstalled Eng. Wt. 12086 13207 }15386 5482.4 | 5990.8 | 6979.1
Thrust/Weight, Uninst. 20.7 18.9 16. 2 203 186 159
Iniet Weight 11074 12656 | 17798 5023.2 | 5740.8 | 8073.2
Installed Eng. Wt. 23160 25863 133184 10505.6 (11731.6 | 15052.3
Thrust/Weight, Inst. 10.8 9.7 7.5 106 95 74
Engine Flow Areas and Equivalent
Diameters Engine Lengths
f2 ft m2 m ft m
Inlet Cowl, Ac 79.1 10. 03 7. 35 3. 06 Uninstalled 19.2 5.85
Mixer, A4 37.0 6,86 1 44 | 2.09 Inlet (Typ) 37.0 11.28
Combustor, A4 69.0 9.37 6.41 2.86 Installed (Typ){ 56.2 17,13
Exit, Ab 110.0 11.83 |} 10.22 3.61

REMARKS, REFERENCES

Recycled RamLACE. Recycle time limit should be checked for specific
applications. (References 5, 7, 14, 21)
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TS RATION o

ENG. NO._23-1-

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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LURMIRATION
ENG. NO._23-1
REFERENCE TRAJECTORIES
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ENGINE PHYSICAL CHARACTERISTICS Eng. No.__232
Thrust, sls I 250,000 Ibf 1l 1,112,055 newton
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight ibm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engine I-ternal Pressure 1000 (rewtor/m<)
Subsystems: 20 100 _250 344.7 6£89,5 11723.7
Fan
Heat Exchanger 4093 4539 | 5032 1856.6 | 2058.8) 2282.5]
Primary Rocket 1591 1591 | 1591 721.7 7217 7217
Mixer/Diffuser 1829 2065 2832 | 829.6 936.7 1284. 6
Combustor/Exit 3476 3950 5372 1576. 7 1791. 7 2436.7
Contingency 690 761 980 313.0 345.2 444, 5
Uninstalled Eng. Wt. 11679 12906 15807 5297. 6 5854. 1 7170.0
Thrust/Weight, Uninst. 2L 4 19.4 15.8 210. 190 155
Inlet Weight 6370 7280 | 10556 2889. 4 3302.2 | 4788.2
Installed Eng. Wt, 18049 20186 |26363 8187.0 9156.3 | 11958.2
Thrust/ Weight, Inst. 13.9 12.4 9.5 136 121 93
Heavyweight Estimate
Uninstalled Eng. Wt. 12847 14197 | 17388 5827.4 | 6439.5| 7887.0
Inlet Weight 25494 29136 |40973 11564, 1 | 13216. 1| 18585.4
Installed Eng. Wt. 38341 43333 [58361 17391.5 | 19655.6 | 26472.4
Thrust/Weight, Inst. 6.5 5.8 4.3 6.4 57 42
Engine Flow Areas and Equivalent
Diameters Engine Lengths
f2 f m m ft m
Inlet Cowl, A_| 182.1 | 15.23 || 16.92 | 4.64 Uninstalled 23.7 7.22
Mixer, A, 59, 4 8.70 5.52 | 2.65 Inlet (Typ) 45.0 13.72
Combustor, A, | 158.3 | 14.20 14.71] 4.33 Installed (Typ)|__68.7 |{20.94
Exit, A, 252.5 | 17.93 23.46 | 5.47

REMARKS, REFERENCES
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ENG. NO._23-2

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

6000

4000

l R

2000

1000

SPECIFIC IMPULSE, Ibf/lbm/sec

100

800 —t -
600 it T ——
PR [P IS OV J% DU I -.'.3;.",. o .
i S jul DRGNS 1N S b = )T o ol
R sabud GRS SRowt booo bansd b s B I be el
400 e :..' il . Z.' «'_ . .
e i i Bh
N v R SUERS DO
VU e by Sppiey SHES o
. Cea * a‘—h&a”- ..
200 '
SRRR FRURL beed Kbuod URNOA bRt FROFY IDPRE DORTS IROY [Nt IDEHY FSOSH Dabtd sl TR Nght pih
e L_T..1 v ! : - W - N el bre nd. =
AN AN el ] ' .. Ce e -—
SO e e vt MAEY 11004 TR P33 OO O YOO Dt s N
. 1} BEUSY SUEES SORNN FRUN DR MEERS DRNEY PEVIN PUUUT SEUNY RSN SR B R
;Lﬂﬁﬁ 1] 'HJ[ i e Figd ] 'H.FL"* s
SH Ui 138 It e e R SESE H  AEA R DA T A
L]

I
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 fps

| ! ! 1 _J

0 0.5 1.0 - 1.5 2.0 2.5
FLIGHT VELOCITY, 1000 m/sec

ety
. M -

e s s ¢
AT




W’ - Volume 5
arquard)‘ Page 343
-'F___- (YIRI RATION
ENG. NO._23-2
THRUST
REFERENCE TRAJECTORIES
1000 I : e e
' 4000 = e
ST 800 S
L A > : [ -
-G - ' = =
T 3 3000F o Ssai: : z
- g S : o s
o —~ 60Q A 5 T s
2 = S 3
- § i R =
5 2000 £ g EmEaE
& - 400 = T S i =
= = 3 : =
- - ' : :
= w : SIS
’I:l 1000- 200 - - : T K
2 =
= AL
S RE=
T = re——
oL 0 =0
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 ft/sec
1 { 1 | [ [
0 0.5 1.0 1.5 2.0 2.5

FLIGHT VELOCITY, 1000 m/sec

~==QNERENTAL



THF ’
Harg

FREESTREAM CAPTURE AREA, m?

20~

151

10

_mm Report 25,194

Volume 5
Ua,dl VAN NUTS, CALIFORNIA Page 344

XIRH AT

ENG. NO._23-2

CAPTURE AREA
REFERENCE TRAJECTORIES

.
- 1
Y $
e

200 > :

e 1 e

$ t

I
|

» m{

>
r aps
.'g HHHH

150 SES :

1T

i8R0

FREESTREAM CAPTURE AREA, ft2

100
50
0 e
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 ft/sec
1 1 1 ] ] }
0 0.5 1.0 15 3.0 3.5

FLIGHT VELOCITY, 1000 m/sec

pu—-t



‘!‘ -

. | e O NP B BN Report 25,194
/:;777 Volume 5
arquardf VAN MUYS, CALIFOANIA Page 345

(ORFMATNON

ENG. NO._23-2

AIRFLOW
REFERENCE TRAJECTORIES

4000 et

H 1+ +4

: :
8000 : [
:

3 s 1
ye »e Ar : T
T
L :
: t 1
-
- e
Lok
3000 = .
T v :
T 1 T
Q . : o B aw ot * > s e
0 — ) S et - . Il
b : .
A o 6000 - : 2 :
0 ] 04 g h Wi A Lt L L
: 1 =t N it : -
[Y,) o T »e Sl - e
=~ ~ > :
S +
T
+ fn o ma o
‘- - S e x>
- . o r—
7 yaa «
) 4 e
(=) ~ .
- 2000 e 7 %
-y & P & na — h 4
T 1 et X
Lt
m .- — y - o
'} = - v
— o & oo
(T - : %
< r — X
g T .0 e ' V1
AS L ™ - h & L
- < b ¥ s .
-4 < = -
< - »
h I - =t T b e - e
- - v‘l
(=] < - X
- ; T T
o [N T i - o it
- T t t o e s 1 T
L 1 e L N )
(=] '
et . o s .
T + ’
s - e »e e . 4 e pe o4

oL 5 : e e C

0 2.0 4.0 6.0 8.0

FLIGHT VELOCITY, 1000 fps
1

1 L !

1
0 0.5 1.0 1.5 2.0 2.5
FLIGHT VELOCITY, 1000 m/sec

~aGONEBENAL °



5

194
Page 346

Volume

Report 25,

A N

THE

b~

B
Q=
S
Q

11°2¢
191

91°b¢
c0°1L1
t0°21

yee6l
1y el
%6°01

A ARA
R ARR
€6°01

s0°¢1

ld

5°6L1
L°c61

g°2Ll
gLyl
o°eel

6°eyl
6°0¢1
6°1¢1

6°2¢1
o°oct
g8l

9Ll

ZH

02°L¢
LA R |

66 he
68°0¢
LL*%1

¢s6° ¢l
LY *91
v6°Z1

9Z°6al
20° %1
ey el

08°* 21

Z1d

88°0
$6°0
90°1

L334

y1°1

1333

3dS

*euly
“H6ty

*0000%
‘tco6y
*slty
‘oY6tL
*0000¢
"t60%
*18Lt
*50%¢
*0000¢
311
A Z41
*LLit

*00001

‘0Ll

°0

S1

¥6°2 *1ez 29
zz°y *11E69¢
- 30NL11WV
9y 2 *avGE6f
69 € CLHEYYE
-22°% *646 %1€
- 340111V
68°¢ *cyiLZe
1€°5 * 95 220¢
69°9 029212
- 30nLILTV
0z°1 *6R189¢
ot°8 *615652
66°8 *L86€52

= 30011477V

8T Zs 4:32 374

- 30N111°WV

k) 1

IONVWU0OIH3Id 0FLVNILST

¢-€2 —-3INIONI

1°0¢
9°91

9°Lt
6°1¢
Z2°sl

1°¢2
9°*°91
6°2i

t°sl
0° %1
%'t

8%

old

gesel
6°191

L2681
9°961
0141

5°¢sl
g uetl
€°6cl

9°0¢l
eeLel
L°sdli

L°%21

ULM

‘6h 1¢
‘ovyll

*6%0¢
‘1021
*eovl

‘%061

1T4%

*L%01

*tod
‘%G1
*00L

A

0A

90°¢
weli
99°1

s%°1
12°1
io°t

01°0

Ow



194

Volume 5
Page 347

Report 25

#

THE

LL°1%¢
€L°sl¢

9e 161
16°LL1
L1°691

beeyl
0Z*o%l
L8°1¢el

el
t8°6l11
91°81l

f6°L11

Uard f VAN NUYS, CALIZORNIA
CURPURATION
0
<

‘any

LO°S6
56°501

69°16
91°e01
9%°601

€L°201
%4°601
$9°801

£L9°211
¢yl
e 11l

86°L11

sy

Ly°8L
Be*29

16°69
99°%¢
€Lty

6%°LY
Loty
96°2Y

9e %Yy
LS5°9Y
2e°8y

eLLye

ov

Z6°0
56°0
86°0

86°0
66°0
00°1

00°1
00°1
00°1t

00°1

0c1d

1026 Zv9°0 01 b°6l
8655 1%6°0  0°1 6°6L
1334 0000y - 30NLILV
*819Y 106°0  0°1  6°6l
*168Y 0LL°0 0°1 6°6L
*160% »e0°1 0°1 6°6L
1334 °0000€  — JUNLILIV
"0EEY S0L°0 0°1 6°6L
*594Yy 126°0  0°1  6°6L
119 ZET°1  0°1  b6°6L
1334 °00002 - 30MI1TV
*908¢ ¥96°0 0°1 6°6l
“1LLE  L€E0°T  0°1 6°6l
“tELE 9L0°1 0°l 6°6l
1334 °0000% - 3UNLILV
*1%62 €L6°0 0°T 6°6L
1333 °0 - 30M11W
9A SHd dHd 14M
3INVWYO J¥3d QIAVHILST
2-€2 -3N19N3I

18°9
6L°¢t
c9°e

€1y
L1 ¢
gs°* e

0°t
18°¢
wee

00°¢

dMSM

*60L
‘50

502
°50L
*s0¢L

*s0L
*s0t
*60L

‘0L
°501
*6501

*s0L

dM

‘10ce
‘68 1¢

*001%
*0L92
‘4861

*916¢
*tece
*L181

*Zlele
*e861d
cole6l

‘elie

SM

0ss°0
065°0

066°0

0s%°0
085°0

0ss° 9"
05$°0
066°0

069°0
059°0
065°0

0s5°0

4]



,19-
Volume 5
Page 348

Report 25

1/

THE

arquardf VAN NUYS, CALIFORNIA

66°¢ ¢

t6°1¢

H9*8E

90°¢et
69°L1

Y0°8s

(2 A

N
a

(XIRPURATNON

9°89¢

£*9¢el

9°46¢

| 3 § 74
6°681

9°86¢

$°91¢

ZH

Le* 6l

L8°9¢

LE®LY

16°0Y
69°1¢

ot1°1L

11°¢es

Zld

LL°0

1334

0L°0
1334

0L°0

9L°0

1334

%9°0

1334

99°0

1333

JdS

‘oeLy

*000%9

‘169%

*0000L9

*%914
*000%S
*Zyis
‘60LY

*0000%

*966S

*0054Y

‘56%S

*00GVY

Sl

61

1 FANA ‘1018lt

- 3an111WV

6%°¢ *HiLllLe

- 30n1117V

9%°1 ‘elecy

- 30anL111YV

861
2€°¢

*GY%011y
*9U%9Lt

C= 34Nk 1177V

MR TA L

- 3an1117V

el ‘1126t

- 300410V

4) |

IINVWYO 4u3d QILVIILSI

2-€¢ —-3NION3

9°Zt

5694

9°29

0id

teLe

6°6%¢

1Y X4

9°942
1°10¢

et

0°62¢c

0iH

*000¢

*B6l¢

*000¢

1Y X4
(114 ¥4

*000¢

*4%09¢

UA

oi°¢

68°¢

ol1°¢

ye°¢C
0%°¢

ol1°t

69°¢

OW



¢ 0 o

%93

oy

NS al10°ese

25 0

£

o
o1°€s2
11°2S2
£2°€92
66°262
61°€$2
£E8°9L2

¢

™e

arg,%a“‘gi VAN NUYS, CALIFQRNIA
b

cl°oy

0%°68

9%°81

10°e8
0%°66

L9 11

2e°6lL

SV

Le*1s1

sL°tel

Le°Lst

6s°AZ1
$6°68

Le°tLst

76°€11

ov

08°0

Z8°0

08°0

0e°0

s8°0

*LRLS

*60LS

. *8606%

1334 *000%S
*1€1s
*261%

1334 °0000%

‘6L 9y

“tiLlYy

$12°0 0o°l -7 3

*000%9 - 30ns11WV

6%L°0 o°1 6°6lL

00009 - 30M 11wV

XA MY 0°1 6°6L

-~ 3aN111W
¢6%°0 0°1 6°6L
9t 8°0 0°1

- 30M 11V

¢62°0 0°l 6°6L

*209%% - 30n1117V

€9¢°0 01 6°6L

*0000% - 30n1117W
9A SHd dHd 13M

IINVWHO Y34 CILIVHILSI

) Z2-t2 -3INION3

80 °* %

68°¢t

8%°9

L8°6

co°s

dMsSH

*s0L

*s0L

*soL

°s0L
°s0L

*‘s0L

‘0L

dM

*LLud

"%l

T6E9Y

*181Y
*8s%¢

‘L9969

*949¢

SM

0ss°0

0s5°0



%7. QAo
af Ua,df vam mMuv§. CALIFOSNIS

11V MATIN

This Page Intentionally Blank



//<:;t77 . Volume 5
QIQUAIT ... s curorms

Page 350
LURMMATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 24 Recycled ScramLACE

Engine Operating Modes
Summary: Number of Modes/ Transitions _6 ; Number of Discrete Modes Utilized _5
Mode Progression - Lift-off to Touch-down

(Take off) Air augmented Liquid Air Cycle Engine (LACE), afterburning cycle,
recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic combustion { 6000-8000
£t/sec) Remjet, supersonic combustion (10,000-1k,000 £t/sec) Rocket (Crbital
speed, space maneuvering and deorbiting) Ramjet, subsonic combustion (Flyback)
Air augmented LACE, afterburning cycle (Landing)

——-Engine Propellant Reguirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

O Hydrogen, liquid, 37-40 'R . [ Oxygen, liquid,162°R

& Hydrogen, liquid, subcooled (25 "R} [ Oxygen, liquid, subcooled
[ Hydrogen, gaseous [0 oxygen, gaseous

O Other - |

Engine Constituent Subsystems

Inlet, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic

HEAT MIXER/
EXCHANGER _\ DIFFUSER COMBUSTOR
o

I
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PRIMARY THRUST
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ORI HATION
Eng. No. 2%

Engine Internal Operating Parameters, nominal

P .
c-LACE = 1000 psia, ¢LACE =1,0, aP.C. = 4,0, acond. = 8,0
WB/Wp (SLS) = 1.40 (3, 00), ¢SEC-SLS = 2,09 (0,97)

A4/A3 = 1,87 (2.66), AC/A3 = 2,14 (3.07)

Engine Operating Mode Block Diagrams
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LXRIVRATNY

Eng. No. 2

——

The following information for Engine No. 24
appears in the fact sheets previously given
for Engine No. 23.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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ENG. NO._ 2%1

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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NET JET THRUST, 1000 Ibf
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THRUST
REFERENCE TRAJECTORIES
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SPECIFIC IMPULSE
REFERENCE TRAJECTORIES

ENG. NO. 2k-2

N

6000

4000

2000

1000

800

600 }

Ad
s fi i
S5 i3 S i -
e 183 PRl fr sl °
N I 3 o I
SR IR . !
o > pprgeses 0wy P PUw
S Mt Sohd IEASS LIS NSe R PN
200 o foo o frereferidees e e L.
-y-ﬂ-y?‘- L3RR KRR rees !f.‘l (RS B e
BN 085 I The . B el - 4
- :‘I.II’ 1-:5:1-1 »-'r-q’-l..l ,It. .l H
aliing handd sunii b Iu]*?‘hlf — .
ISTR ¥ %3 X 1 oo ks - )
.2 ‘-TLr o frn i ik Vol ,'i - 1 B s c 4 -
M T \ P N e el ¢ :

;'j. i

I

Sy e oo vy [

‘ﬂ;l

+
il

S S s O IR
_I_f F»N- #Tsﬁﬁ{_d—‘ R
L i !

&rm |

100 LI
8.0

L 1

!
9

.0 10.0 11.0 12.0

FLIGHT VELOCITY, 1000 fps

1 | 1 | | }

2.4 2.6

2.8 3.0 3.2 3.4 3.6 3.8

FLIGHT VELOCITY, 1000 m/sec



a

NET JET THRUST, 1000 newtons

4000

3000

2000

1000

—— SR e

rquara'f

(XIRIMATRN

Report 25,194
Volume 5

Page 356

ENG. NO. 242

THRUST

REFERENCE TRAJECTORIES
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- " 1.

URPORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 25 Supercharged Alr Augmented LACE - Ramjet

Engine Operating Modes
Summary: Number of Modes/ Transitions s ; Number of Discrete Modes Utilized L
Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), simultaneous
mixing and burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion (6000~
8000 ft/sec) Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet,
subsonic combustion (Flyback) Ducted fan (Flyback and landing)

- EnginePropellant-Reguirements—
Code: (R) = Required, (V) = Reguired for vacuum operation, (F) = Useable for flyback mode

~——_—___F]Hydrogen, liquid, 37-40°R - ] Oxygen, liquid,162°R
. O Hydrogen, liquid, subcooled (25 "R} [JOxygen, liquid, subcooled
(3 Hydrogen, gaseous [ Oxygen, gaseous
O other

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mixer-combustor, exit
Engine General Arrangement and Operating Schematic

HEAT
MIXER/COMBUSTOR

FAN EXCHANGER
._-|NLET_.I..‘—_——-1 .1. EXIT—]
~Nq

L\ PRIMARY THRUST

- -CHAMBER AND FUEL
/’ INJECTOR ASSEMBLY

/\.

- s
F5 o2i. TURBOPUMP ASSEMBLY
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CORFIRATNN

Eng. No. 25

Engine Internal Operating Parameters, nominal

P__;acp = 1000 psia, 8; ,cp = 8.0
W /W, (SLS) = 1.19, bspc.sLs ™ 4 64

A4/A3 21,00
FAN P.R. 1,3

Engine Operating Mode Block Diagrams
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ENGINE PHYSICAL CHARACTERISTICS

Thrust, sls I 250,000 Ibf { 1,112,055 newton |
Weight and Thrust/Weight Ratio
‘ Measuring Units (English) (International)
Weight ibm kg
Thrust/Weight ibf/1bm newton/kg
Lightweight Estimate (Ibf/inz) Maximum Engire lcterral Pressure 1000 (r.ewtor/mz)
Subsystems: 50 100 ‘ 344.7 689,5 11723,7 |
Fan 3450 3450 3450 1564.9 | 1564.9 | 1564.9 |
Heat Exchanger 4235 4639 5088 1921,0 | 2104.2 | 2307.9
Primary Rocket 2211 2211 | 2211 1002.9 | 10029 | 1002,
Mixer/ Diffuser 759 1104 1518 3144, 3 500.8 688. 6
Combustor/Exit 15 18 1725 2346 688. 6 782.5 1064. 1
Contingency 449 504 608 203.7 | 228,61 275.3
Uninstalled Eng. Wt. 12622 13633 [15221 5725.4 | 6183.9 | 6904, 2
Thrust/Weight, Uninst. 19,8 18.3 16. 194.2 1793 16 1
_Inlet Weight 2765 3160 4582 || 1254.2 | 1433.4 | 2078.4
Instailed Eng. Wt. 15387 | 16793 |19803 6979,6 | 7617.3 | 8982,6
Thrust/ Weight, Inst. 162 14.9 12,6 159.3 146.0 123.8 |
Heavyweight Estimate
Uninstalled Eng. Wt. 15146 16360 |18265 6370.5 | 7420.7 | 8285.0
Thrust/Weight, Uninst. 16.5 15. 3 13. 7 16 1. 9 149. 9 134. 2
Inlet Weight 11074 12656 |17798 5023.2 | 5740.8 | 8073.2
Installed Eng. Wt. 26220 29016 36063 11893 .7 |13161.5 | 16358.2
Thrust/Weight, Inst. 9.53 8. 62 6.93 93.5 84.5 68.0
Engine Flow Areas and Equivalent
Diameters Engine Lengths
ftz ft mZ m ft m
Infet Cowl, A_| 79.1 [10.03 || 7.35 | 3.06 Uninstalled | 5.3 4,82
Mixer, Ay 69.0 | 9.37 }]6.41 2.86 Inlet (Typ) 37.1 {1131
Combustor, A4 69.0 9.137 6. 41 2.86 Installed (Typ){ 52.9 16. 12
Exit, A, 110.0 {11.83 fRo.22 3.61
REMARKS, REFERENCES
Supercharged Air Augmented Basic LACE. (References 5, 7, 12,

Eng. No.

25

L i1 1114048

13, 21)
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IRMRATION
ENG. NO.__2°

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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LRI RATION .
ENG. NO._ 20 __
THRUST
REFERENCE TRAJECTORIES
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——— [ CURMORATION —
25 .
ENG. NO. 2

CAPTURE AREA
REFERENCE TRAJECTORIES

20~ : : =:
200
NE 15 N:
< < 150
g w
< <
C
&= W
e > :
a 10 & B 2
< < 100 s
© ¢ :.A -
= = ————
= 5 ALLZ
[« 4 o +
- -
wn 17
W
E & 50 =
oL 0
0 2.0 4.0 6.0 8.0
FLIGHT VELOCITY, 1000 ft/sec
] 1 1 | 1 |
0 0.5 1.0 1.5 2.0 2.5

FLIGHT VELOCITY, 1000 m/sec

L



THF ’
%rquam’f

TOTAL AIRFLOW, kg/sec

4000

3000

2000

1000

)

TOTAL AIRFLOW, Ibm/sec

CURMIRATION

SCONTIBEh

’

Report 25,194
Volume 5

Page 363

AIRFLOW

REFERENCE TRAJECTORIES
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ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines - '

Engine ldentification Number: 26 Supercharged Air Augmented LACE - Convertible Ramjet

Engine Operating Modes

Summary: Number of Modes/ Transitions & ; Number of Discrete Modes Utilized 5
Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), simultanecus
mixing and burning cycle (2000-3000 ft/sec) Ramjet, subsonic combustion
(6000-8000 ft/sec) Ramjet, supersonic combustion (10,000-1L4,000 ft/sec) Rocke+

(Orbital speed, space meneuvering and deorbiting) RamJjet, subsonic combustion
(Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements -
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

(& Hydrogen, liquid, 37-40 'R . Oxygen, liquid,162 R

U] Hydrogen, liquid, subcooled (25 "R) (] Oxygen, liquid, subcooled
Hydrogen, gaseous [J Oxygen, gaseous '
O Other ' .

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic
HEAT
FAN EXCHANGER MIXER/COMBUS TOR

————IN LET-——I—-—‘- -l EXIT—s

(= Qi;= —
j |] é\PRwARY THRUST
< - ﬂ mm -CHAMBER AND FUEL —+—
JJUU.IJ W F INJECTOR ASSEMBLY
i)

.

\\—

@ ! TURBOPUMP ASSEMBLY
F o’
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Eng. No. _26
Engine Internal Operating Parameters, nominal
Pc-LACE = 1000 psia, ¢LACE = 8,0
W/W, (SLS) = 1,19, Bgp oy = 464
A4/A3 =1,00, Ac/AB =1,15
FANP,R. =1,3
Engine Operating Mode Block Diagrams
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LIMIYRATHOS
Eng. No, 26

The following information for Engine No. 26
appears in the fact sheets previously given
for Engine No. 25,

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areas, Lengths.
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks



Volume 5

[0 1 — Page 371
L " ] llﬂﬂﬂl"‘h .
ENG. NO. 26
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SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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CURMURATNON
26
ENG. NG.
REFERENCE TRAJECTORIES
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URMRATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine lIdentification Number: 27 Recycled Supercharged Air Augmented LACE - Ramjet

Engine Operating Modes
Summary: Number of Modes/ Transitions 5 ; Number of Discrete Modes Utilized _L _
Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), simultaneous
mixing and burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, sutsonic
combustion (6000-8000 ft/sec) Rocket (Orbital speed, space maneuvering and
deorbiting) Ramjet, subsonic combustion (Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

O Hydrogen, liquid, 37-40°R [] Oxygen, liquid,162°R

&] Hydrogen, liquid, subcooled (25 R) ] Oxygen, liquid, subcooled
F] Hydrogen, gaseous (] Oxygen, gaseous

CJOther

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic
HEAT

. FAN EXCHANGER MIXER/COMBUSTOR
-——lNLET—.,-—‘E_(—C————-l “ T EXIT—e
~

—— 2 \/
E\PRIMARY THRUST

- =l - -CHAMBER AND FUEL —
)l i/ INJECTOR ASSEMBLY
&=> |
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£ 0c TURBOPUMP ASSEMBLY
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Eng. No. 27__
Engine Internal Operating Parameters, nominal
P__pLAcE ™ 1000 psia, GLACE =4,0
WS/WP (SLS) = 1, 36, GSEC_SLS = 1,92
A4/A3 =1,00
FAN P.R. =1,3
Engine Operating Mode Block Diagrams
@ H Tank
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 e—— 1P RATION
ENGINE PHYSICAL CHARACTERISTICS Eng. No._27
Thrust, sis 1 250,000 Ibf 1{ 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight ibm kg
Thrust/Weight Ibf/!bm newton/kg
Lightweight Estimate (Ibf/in2) Maximum Engire liternal Pressure 1000 (rewtor/m<)
Subsystems: 50 100 : 344.7 689.5 11723,7 |
Fan 3450 3450 3450 1564.9 | 1564.9 | 1564.9
Heat Exchanger 5528 6129 6795 2507.5 ] 2780.1 | 3082.2
Primary Rocket (2098 | 2098 | 2098 951.7| 951.7 951. 7
Mixer/ Diffuser 159 1104 1518 344.3 | 500.8 688. 6
Combustor/Exit 1518 1725 2346 688.6 | 782.5 | 1064.1
Contingency 438 493 597 198.7] 223.6 | 270.8
Uninstalled Eng. Wt. 13791 14999 |16804 6255, 7| 6803.6 | 7622.3
Thrust/Weight, Uninst. 18,1 16, 7 14. 9 178 163 146
Inlet Weight 2765 1 3160 4582 1254.2] 1433.4 | 2078.4
Installed Eng. Wt. 16556 18159 |21386 7509. 9| 8237.0 | 9700.7
Thrust/ Veight, Inst. 15,1 13.8 1.7 148 135 115
Heavywéight Estimate '
Uninstalled Eng. Wt. 16549 17999  |20165 7506.8] 8164.4 | 9146.8
Thrust/Weight, Uninst. 15.1 13.9 12. 4 148 136 122
Inlet Weight 11074 12656 17798 5023.2 | 5740.8 | 8073.2
Installed Eng. Wt. 27623 30655 37963 | 12530, 0 |13905.2 | 17220.0
Thrust/Waight, Inst. 9, 1 8.2 6.6 88. 6 80.0 64, 6
Engine Flow Areas and Equivalent
Diameters Engine Lengths
(2 ft m m ft m
Inlet Cowl, A_| 79.1 | 10.03 7.35 3. 06 Uninstalled 15. 8 4,82
Mixer, Ay 69. 0 9,37 6.41 2.86 Inlet (Typ) 37. 1 11.31
Combustor, A4 69.0 9.37 6. 41 2.86 Installed (Typ){ 52.9 16, 12
Exit, A, 110.0 | 11.83 J]10.22 3. 61

REMARKS, REFERENCES

Recycled Supercharged Air Augmented Basic LACE. Recycle time limit should
be checked for specific applications. (References 5, 7, 12, 13, 14, 21)-

e AN,



Volume 5

quaﬁf VAN NUTS, CALIFORNIA . Page 376
(XM RATIN
ENG. NO..27

%/ ,

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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ENG. NO._27

THRUST
REFERENCE TRAJECTORIES
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————— CURMORATION

ENG. NO._27
CAPTURE AREA
REFERENCE TRAJECTORIES
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ENG. NO._27

AIRFLOW
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LURPMATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine Identification Number: 28 Recycled Supercharged Air Augmented

i i LACE - Convertible Ramjet
Engine Operating Modes onvertible Ramje

Summary: Number of Modes/ Transitions ¢ ; Number of Discrete Modes Utilized s

Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), simultaneous
mixing and burning cycle, recycled hydrogen (2000-3000 ft/sec) Ramjet, subsonic
combustion (6000-8000 ft/sec) Ramjet, supersonic combustion (10,000-1k,000 ft/sec)
Rocket (Orbital speed, space maneuvering and deorbiting) Ramjet, subsonic com-
bustion (Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

[ Hydrogen, liquid, 37-40 °R ] kJ Oxygen, liquid,162°R

(3 Hydrogen, liquid, subcooled (25 “R) [ Oxygen, liquid, subcooled
EJ Hydrogen, gaseous [J Oxygen, gaseous

O Other ' '

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mixer-combustor, exit

Engine General Arrangement and Operating Schematic

HEAT
FAN
INLET ' | EXCHANGER ’ MIXER/COMBUSTOR EXIT—e
\_ﬁi -~ a /

> %\PRIMARY THRUST
<’/WUT\ m -CHAMBER AND FUEL —t —
\)rr/:__jj U 5 INJECTOR ASSEMBLY
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Eng. No. 28
Engine Internal Operating Parameters, nominal
Pe.pacg = 1000 psia, @) \p = 4.0
W,,/Wp (SLS) = 1.36, §gp o1 5= 1.92
A‘;:/A3 = 1,00, AC/A3 =1,15
FAN P.R. =1.3
Engine Operating Mode Block Diagrams
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XRICRATION

Eng. No. 28

The following information for Engine No. 28
appears in the fact sheets previously given
for Engine No. 27.

Engine Physical Characteristics

Weight, Thrust/Weight, Flow areas, Lengths
Engine Performance: 0-8000 ft/sec

Specific Impulse, Thrust, Airflow, Capture Area

References and additional remarks
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(IR AT -
ENG. NO._ 28

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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n ; (YIRPURATION
_ENG. NO. 28
THRUST
REFERENCE TRAJECTORIES
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CURPORATION

ENGINE FACT SHEET
Class 0 Composite Launch Vehicle Engines

Engine ldentification Number: 29 Supercharged RamLACE
Engine Operating Modes

Summary: Number of Modes/ Transitions 5 ; Number of Discrete Modes Utilized u
Mode Progression - Lift-off to Touch-down

(Take off) Supercharged air augmented Liquid Air Cycle Engine (LACE), after-
burning cycle (2000-3000 f£t/sec) Ramjet, subsonic combustion (6000-8000 ft/sec)
Rocket (Orbital speed, space meneuvering and deorbiting) Ramjet, subsonic com-
bustion (Flyback) Ducted fan (Flyback and landing)

Engine Propellant Requirements
Code: (R) = Required, (V) = Required for vacuum operation, (F) = Useable for flyback mode

E] Hydrogen, liquid, 37-40 'R . f] Oxygen, liquid,162°R

CJ Hydrogen, liquid, subcooled (25 "R) [ Oxygen, liquid, subcooled
[E Hydrogen, gaseous . 0 Oxygen, gaseous

O Other ’ ) '

Engine Constituent Subsystems

Inlet, fan, heat exchanger, rocket, mixer-diffuser, combustor, exit

Engine General Arrangement and Operating Schematic

HEAT MIXER/
FAN EXCHANGER I‘D”:FUSER COMBUSTOR
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RFRATIHON

Eng. No. 2°
Engine Internal Operating Parameters, nominal

P._1ACE = 1000 psia, O acE = 1.0, B = 8.0
A4/A3 = 3,53

FAN P.,R. =1,3

Engine Operating Mode Block Diagrams
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(YIRS RATIN
ENGINE PHYSICAL CHARACTERISTICS Eng. No.__23
Thrust, sis l 250,000 Ibf 1 1,112,055 newton |
Weight and Thrust/Weight Ratio
Measuring Units (English) (International)
Weight Ibm kg
Thrust/Weight Ibf/1bm newton/kg
Lightweight Estimate (Ibf/in) Maximum Engire Intemal Pressure 1000 (rewtor/m <)
Subsystems: 29 100 ' [ 344.7 1723.7. 1
Fan 1500 1500 1500 680. 4 680. 4 680. 4
Heat Exchanger 2995 3281 3598 1358.5] 1488.2 1632.0
Primary Rocket 1562 1562 1562 - 708.5{ 708.5 708.5
Mixer/ Diffuser 1147 1295 1776 520.3| ©587.4 805. 6
Combustor/Exit - 1738 1975 | 2686 788.4) 895.9 | 1218.4
Contingency 423 459 569 ._191.9] 208.2 258. 1
Uninstalled Eng. Wt. 9365 10072 11691 4248,01 4568. 6 5302.9
Thrust/Weight, Uninst. 26.7 24.8 21.4 261.81 243.4 209.7
Inlet Weight 3150 3600 5220 1428.8 ] 1632.9 2367.8
Installed Eng. Wl. {12515 13672 16911 5676.8 | 6201.5 7670.7
Thrust/ Veight, Inst. . 20.0 18.3 14. 8 195.941 179, 145. 0
Heavyweight Estiméte |
Uninstalled Eng. Wt. 11238 12086 _ |14029 5097.6| 5482.3 | 6363.5
Thrust/Weight, Uninst. 22.2 20.7 17.8 218.2| 202.8 174. 8
Inlet Waight 12656 14464 20340 5740.8 | 6560.9 9226.2
Installed Eng. Wt. 23894 26550 34369 10838.4112043.2 15589. 7
Thrust/Weight, Inst. 10.5 9.4 7.3 102. 6 92.3 71.3
Engine Flow Areas and Equivalent
Diameters Engine Lengths
) ft m m ft m
Inlet Cowl, A_| 90.4 | 10.73 8.40 | 3.27 Uninstalled 20. 8 6,34
Mixer, A, 30,2 6.20 2.81 | 1.89 Inlet (Typ) 37,1 11,31
Combustor, A, | B.5 9. 98 7.29 | 3.04 Instailed (Typ)|__57.9 17.65
Exit, A6 125.2 12. 62 11, 63 3. 85

REMARKS, REFERENCES
Supercharged RamLACE, (References 5, 7, 14, 21)
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NP AT
ENG. NO._ 29

SPECIFIC IMPULSE
REFERENCE TRAJECTORIES
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CURMRATION

ENG. NO._22

THRUST
REFERENCE TRAJECTORIES
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